Tolerance of antibiotic susceptible and antibiotic resistant Escherichia coli, Enterococcus and Staphylococcus strains from clinical and wastewater samples against ozone was tested to investigate if ozone, a strong oxidant applied for advanced wastewater treatment, will affect the release of antibiotic resistant bacteria into the aquatic environment. For this purpose, the resistance pattern against antibiotics of the mentioned isolates and their survival after exposure to 4 mg/L ozone was determined. Antibiotic resistance (AR) of the isolates was not correlating with higher tolerance against ozone. Except for ampicillin resistant E. coli strains, which showed a trend towards increased resistance, E. coli strains that were also resistant against cotrimoxazol, ciprofloxacin or a combination of the three antibiotics were similarly or less resistant against ozone than antibiotic sensitive strains.
INTRODUCTION
Surface water sources very often serve as drinking water reservoirs or as recreation facilities and therefore their water quality is of fundamental interest. This is manifested in WHO or EU guidelines, for instance in the European Union Water Framework Directive (EC ), which sets standards for acute and chronic toxicity in water for aquatic organisms to protect biological diversity and human health.
To achieve these aims, improvements to sewage purification by ultrafiltration or ozonation as additional treatment stages in sewage treatment plants (STPs) are discussed and tested. In batch assays Gehr et al. () demonstrated that ozone decayed rapidly and formed hydroxyl radicals for non-selective oxidation, if the alkalinity was low and/or the organic concentration was high. Hunt & Mariñas () reported that molecular ozone was the agent responsible for the inactivation of E. coli. To date, the exact mode of action and the specific target structures of ozone and of its decay products in microbial cells are not completely understood: ozone is expected to react rapidly with the unsaturated bonds of phospholipids and lipopolysaccharides in membranes and cell walls, but intracellular amino acids and proteins may also be affected (Dodd ) . In addition DNA damages may also be caused by ozone (Gehr et al. ) .
For advanced sewage treatment ozone is applied after secondary treatment either with a diffuser at the bottom of the tank or with a pump-injector system, injecting small gas bubbles into the influent water of the ozone reactor. the inhibitory effect of clavulanic acid on ß-lactamase was checked as described by Bradford (). According to the definition of Robert-Koch-Institut (), extended-spectrum-ß-lactamase (ESBL) producers phenotypically were resistant against cefpodoxim as well as against ceftazidim and/or cefotaxim. All isolates that were resistant against the abovementioned antibiotics were classified as ESBL producers.
MATERIALS AND METHODS
AR of the Enterococcus isolates was tested against ampicillin (10 μg), chloramphenicol (30 μg), ciprofloxacin (5 μg) and erythromycin (15 μg) according to DIN 58940 ().
The susceptibility of E. faecium and E. faecalis isolates against vancomycin (VRE) was tested according to CLSI (). Vancomycin resistance (VR) was confirmed by the presence of vanA-E and vanG genes using primers and Two mL of the suspension were used to extract staphyloxanthin and to quantify pigment production as described by
Morikawa et al. ().

Statistical analysis
For descriptive analysis of the obtained data, box plots cre- 
Inactivation of Enterococcus isolates by ozone
Inactivation of Enterococcus isolates by ozone ranged from 0.2 to 5 log units (Figure 3) . Although there was a broad range of susceptibility within the respective 'clusters' of different species, the median of inactivation of E. casseliflavus strains that were isolated from sewage and river water samples after inactivation by 4 mg/L ozone for 5 minutes. Number of tested isolates, n; resistant strains against ampicillin (AM-r), cotrimoxazol (SXT-r), ciprofloxacin (CIP-r) and extended-spectrum-ß-lactamase producers (ESBL).
(1.5 log units; Figure 3 ) by ozone was significantly lower than for E. gallinarum (3.8 log units), E. durans (3.6 log units), E.
hirae (2.5 log units), E. faecalis (3.0 log units) or E. faecium was made with aggregating strains of S. xylosus, resulting in a median inactivation by ozone of 2.7 log units, whereas isolates of S. sciuri and S. saprophyticus, both of which neither produced pigment nor grew in aggregates were less resistant to ozone (Figure 4(a) ).
Regarding the inactivation of S. saprophyticus isolates of clinical and environmental samples by 4 mg/L ozone, there were no significant differences with respect to their origin (Figure 4(b) ). The median for inactivation, independently of origin or AR, e.g. against erythromycin was almost identical (Figure 4(b) ). and erythromycin resistant (E-r). Number of tested isolates, n; isolates from the environmental samples, e; clinical strains. (c) All S. sciuri, S. epidermidis and S. xylosus strains were susceptible against the tested antibiotics.
